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of their water the way bottled water com-
panies do, because "North American tap
water is the best you can get."
Studying Cell Death
Apoptosis is an ancient Greek word mean-
ing "the falling off' of petals from flowers
or leaves from trees. In modern scientific
terms, apoptosis refers to the natural or
programmed death of cells, as opposed to
death caused by injury or necrosis. The
failure of programmed cell death to occur
has been linked to a variety of illnesses
including cancer, dementia, and even
AIDS. NIEHS scientist John Cidlowski
has been exploring pathways by which
apoptosis occurs in hopes of developing
screens to reveal how environmental agents
affect this process.
"I liken apoptosis to editing," says
Cidlowski. "It's what causes us to lose the
webbing between our fetal fingers and toes.
It's also responsible for male pattern bald-
ness in adults. It even has a suspected role
in Alzheimer's disease."
Apoptosis is an energy-demanding
process, requiring ATP and the activation
ofan endonuclease that degrades the chro-
mosomal DNA into small particles. This
process culminates in fragmentation ofthe
cell into discrete membrane-bound apoptic
bodies that are engulfed by surrounding
cells and macrophages.
In contrast, necrosis occurs in response
to a variety of harmful conditions and
toxic substances. It typically affects groups
of contiguous cells, and an inflammatory
reaction usually develops in the adjacent
viable tissue in response to the release of
cellular debris.
There are numerous pathways by
which apoptosis can occur, as evidenced by
the diversity of signals that stimulate the
process. Cidlowski estimates there are
400-500 different ways to stimulate apop-
tosis, and different stimulants yield varying
responses in different cell types. "In some
cells, the oncogene c-myc is an inducer of
apoptosis, yet in other cells it prevents it,"
Cidlowski says. "Our picture of the signal
transduction pathways is not clear. They
are going to be cell specific."
Cidlowski has spent the past 16 years
researching apoptosis at the University of
Vermont and the University of North
Carolina, where he focused on three areas:
how apoptosis is induced by stress; physio-
logical adaptations to stress, particularly
the role ofglucocorticoid receptors, in acti-
vating apoptosis in lymphocytes and main-
taining homeostasis in the rest ofthe body;
and the role of nutrients, especially vita-
mins, and gene expression in apoptosis.
It is known that certain environmental
chemicals, including dioxins, heavy metals,
and peroxides, lead to apoptosis in a vari-
ety of cells. At the NIEHS, Cidlowski is
testing various chemicals to see what com-
ponents of apoptosis pathways they acti-
vate. "We are analyzing the motors of
apoptosis," he says. "We are focusing on
the enzymes and genes that lead to cell
shrinkage, DNA fragmentation, chromatin
condensation, protein and RNA turnover,
and inhibitors ofapoptosis."
The role ofapoptosis in cancer, AIDS,
Alzheimer's, and other diseases has
spawned an explosion of research on the
subject. Cidlowski estimates there were as
many as 1,000 articles on apoptosis pub-
lished last year, as opposed to perhaps 50
papers a decade ago. But he cautions
against the implication that apoptosis is
the answer to everything. "There may be
other mechanisms of cell death,"
Cidlowski says. We are testing whether
apoptosis is the physiological counterbal-
ance to mitosis."
Although Cidlowski emphasizes that he
and his colleagues are not cancer
researchers, some oftheir research is ofpar-
ticular interest to cancer researchers, such
as analysis of the effects ofvarious chemi-
cals, including steroids, metabolic poisons,
and immunosuppressants, on apoptosis in
the immune system. It was originally
thought that such chemicals simply inhib-
ited cell replication. Cidlowski's team has
been able to separate inhibition of replica-
tion from cell death and has proven that
these chemicals act on cancers by inducing
apoptosis.
Many chemotherapeutics act by stimu-
lating apoptosis. A major problem with
this treatment, however, is that over time
cells tend to develop resistance to some
chemicals. Cidlowski theorizes that this
resistance may result from a loss in the
capacity ofthe tumors to undergo apopto-
sis. Ifthis theory is true, it places in doubt
the prospect that chemotherapy can be
refined to be the ultimate treatment for
cancer. "We don't know what causes this
resistance," Cidlowski says. "If cells lose
one ofthe fundamental motors ofapopto-
sis, it may be difficult to bypass resistance
to chemotherapy. Then we'll have to look
to new alternatives."
Cidlowski's goal is to define the key
components in apoptosis and develop
screens for these components in tumors.
4 t EHPnet
April 22 marks the 25th anniversary of Earth Day. A World
Wide Web site allows Internet surfers to explore and retrieve
information related to a variety of environmental issues and
interests.The site, located at http://akebono.stanford.edu/
yahoo/Environment andNature/, has something for everyone.
For the environmentally health conscious, there are links to organizations con-
cerned with health effects research related to the release ofhazardous substances. Most
of the links are directed to the Agency for Toxic Substances and Disease Registry
(ATSDR). ATSDR provides information on its biennial reports to Congress, confer-
ences, congressional testimony, and services such as ToxFAQs, a series ofsummaries
about hazardous substances excerpted from the ATSDR Toxicology Profiles and
Public Health Statements, and the Science Corner, a simple support tool for scientists
searching the Internet forenvironmental health information.
For those who religiously recycle glass, paper goods, and other materials and have
always wondered how these materials are reincarnated, there is a link to the Recycle
Cycle, an electronic exhibit based on a display ofthe same name by the Northwestern
University Recycling Program. The exhibit explores the stages materials go through
during the recycling process from disposal to their reemergence as newproducts.
For those in search ofinspiration during Earth Day, there is theJohn Muirexhibit,
(http://ice.ucdavis.edu/JohnMuir/Sierra ClubfactsheetonjohnMuir.html). The
exhibit documents the history ofconservationistJohn Muir and his profound effect on
heightening the public perception ofnature. The exhibit includes a biography, images,
and tributes.
For those who want to sound offon environmental issues, there is an on-line soap-
box onto which they may climb called Envirochat. Envirochat allows all users logged
into the site to talkabout any issue pertaining to the environment.
In remembrance of Earth Days past, users might ponder the "40 Tips to Go
Green" pamphlet distributed by the Jalan Hijau ("Go Green" in Malay)
Environmental Action Group during Earth Day 1992 in Singapore. Although the
pamphlet is three years old, the information is still relevant and serves as a pleasant
reminder to keep up "green" practices.
Finally, for those really thinking globally, there is a link to the Enviroweb-a pro-
ject ofthe Envirolink Network, the largest on-line environmental information service
on the planet, which reaches over400,000 people in 93 countries.
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Digging for answers. Shultz (above left) exam-
ines roots with farm foreman. Women and chil-
dren near Mexico City test ease of gathering
roots (right).
Then, he says, "we can ... see ifkey com-
ponents remain functional and, if so, we
can proceed with alternative inducers of
apoptosis."
The Root of the Solution
For many, the combination of Native
Americans and fire conjures images of
pow-wows around a communal blaze. For
the 60% ofNavajo households that rely on
wood or coal-burning stoves as their source
ofheating and cooking, one reality of that
combination is a variety of respiratory ill-
nesses caused by smoke from leaking
stoves. However, researchers have discov-
ered a solution in the form of an alterna-
tive fuel that burns more slowly than wood
and produces almost no smoke: the root of
the buffalo gourd.
Eugene B. Shultz Jr., a professor of
technology and human affairs at
Washington University in St. Louis,
Missouri, has spent a large part of his
career looking for alternatives to wood as
fuel in dry, deforested lands, primarily
Third World countries. It was while distill-
ing the roots of the buffalo gourd
(Cucurbitafoetidissima) to make ethanol,
not burning them, that Shultz happened
upon them as a source of fuel. Shultz
explains that the person operating the still
had been given too many roots and so
threw them out to rot, expecting to take
them home for compost. The roots did not
rot, the operator reported to Shultz, but
dried in the sun "as hard as wood." The
revelation prompted Shultz to study the
roots as alternatives to wood fuel.
With funding from
Western Regional Bio-
mass Energy Program, a
program of the U.S.
Department of Energy,
two projects were begun
last May: one at Wash-
ington University to test
how the buffalo gourd
root performed as a fuel,
and one at New Mexico
State University to test
whether it could be
grown as a solid fuel
crop.
Results of Shultz's
studies showed that the
roots burn one-third as
fast as wood and produce
ln
almost no smoke. When dried completely in
the sun, the roots contain almost no water, a
necessary component ofsmoke, unlike wood
that retains almost 20% moisture even after
drying. In addition, unlike wood, the roots
contain almost no lignin, the source of by-
products of incomplete combustion includ-
ing carcinogens and respiratory irritants.
These two factors make the roots, native to
New Mexico, a potential solution to a persis-
tent and devastating health threat to the
state's NativeAmerican population; respirato-
ry illnesses such as asthma and interstitial
lung disease make up the third greatest cause
ofdeath among the Navajo. A 1990 study at
the Tuba City (Arizona) Indian Hospital
found that Navajo children under the age of
two living in homes with wood/coal stoves
were five times more likely to develop acute
lower respiratory tract infections than chil-
dren in homes without such heating systems.
Because the Navajo live in a relatively pristine
environment, free from pollution, and
because only 10% ofNavajos smoke, medical
personnel were baffled by the magnitude of
the problem of respiratory illnesses among
the population. Said Louise Able, a physician
with the Indian Health Service, in an article
by theAssociated Press, "When I began look-
ing at it, I realized that the one common fac-
tor was chronic smoke inhalation leading to
chronic respiratory illness . . .
Although the buffalo gourd grows in
relative abundance in the low-lying areas of
New Mexico, the mile-high plateau of
most of the Navajo Nation is too arid to
support the plant. The challenge for
researchers at the New Mexico State
University Research Station was to see if
the plant could be coaxed with irrigation
to grow at that elevation. Researchers
found that, with irrigation, the plant actu-
ally thrives in the climate, and crop yields
exceeded those previously published in the
literature. Although it is difficult to esti-
mate needs because family sizes vary, it
might take as little as one-half to one acre
ofgrowing area to supply a family with all
of their fuel needs. And because the roots
are lightweight, even children can help to
harvest and handle them.
The potential problem with using the
roots as fuels is cost. Although much
healthier than wood or coal, the roots
would have to compete with the free sup-
plies of coal often provided to the Navajo
by companies that mine on Indian land.
"The roots would have to be subsidized,"
says Shultz, "although 'subsidy' may be
considered a bad word in today's political
climate, so we may have to find another
word." According to Shultz, the problem
comes down to the fact that because 57%
of Navajos live below the poverty line,
buying new stoves that don't leak smoke is
out of the question for the majority of
them, so an alternative fuel only makes
sense. "You can solve the problem by buy-
ing them decent stoves or by providing
them with cleaner fuel." Either way, con-
tinues Shultz, the health of the Navajo is
the compelling factor. "These people don't
deserve these illnesses."
Rootfuel studies are also being con-
ducted in Mexico, Brazil, Zimbabwe, and
India. Due to increasing deforestation, it is
estimated that by the year 2000, 2.7 billion
people worldwide will have inadequate
access to wood fuel.
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